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Experimental studies have shown that variation in the 
magnitude of integrated ultrasonic backscatter during the 
cardiac cycle represents acoustic properties of myocardium 
that are affected by pathologic processes; however, there 
are few clinical studies using integrated backscatter. Forty 
subjects without cardiovascular disease (aged 22 to 71 
years, mean 41) were studied with use of a new M-mode 
format integrated backscatter imaging system to character- 
ize the range of cyclic variation of integrated backscatter in 
normal subjects. Cyclic variation in integrated backscatter 
was noted in both the septum and the posterior wall in all 
subjects. 
The magnitude of the cyclic variation of integrated 
backscatter and the interval from the onset of the QRS 
wave of the electrocardiogram to the minimal integrated 
backscatter value were measured using an area of interest 
of variable size for integrated backscatter sampling and a 
Many attempts have been made to differentiate tissue char- 
acteristics of ischemic, infarcted or cardiomyopathic myo- 
cardium from that of normal myocardium with ultrasound 
(l-17), radioisotope imaging (l&19) and nuclear magnetic 
resonance techniques (20,21). However, none has been 
totally satisfactory for clinical use. Ultrasonic attenuation 
and backscatter have been quantified for the purpose of 
tissue characterization in animal experiments, suggesting 
that absolute values for ultrasonic attenuation or backscat- 
ter, or both, from the myocardium reflect acoustic properties 
of the tissue (2-7). This method is not clinically feasible, 
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software resident in the ultrasound scanner. The magnitude 
of cyclic variation was larger for the posterior wall than for 
the septum (6.3 + 0.8 versus 4.9 f 1.3 dB, p < 0.01). The 
interval to the minimal integrated backscatter value was 
328 f 58 ms for the septum and 348 + 42 ms for the 
posterior wall (p = NS). There was a weak correlation 
between the magnitude of cyclic variation of integrated 
backscatter and subject age for the posterior wall (r = 
-0.47, p < O.Ol), but this was not significant for the 
septum (r = -0.21) (partially because of inability to 
exclude specular septal echoes) and septal endocardium. 
Ultrasonic tissue characterization of the myocardium by 
the measurement of cyclic variation in integrated backscat- 
ter is feasible in human patients. Acoustic properties of the 
myocardium in humans seem to vary regionally and are 
somewhat affected by aging. 
(J Am Co11 Cardiol1989;14:1702-8) 
mainly because there are no successful methods of standard- 
ization against which to compare the backscattered ultra- 
sound from patient to patient, although some proposals for 
such standardization have been made (8,22,23). 
Recently, experimental studies (9,10,12,13,16,24) showed 
that variation in the magnitude of integrated ultrasonic 
backscatter during the cardiac cycle represents acoustic 
properties of myocardium that are affected by pathologic 
processes such as ischemia, infarction and reperfusion. 
Furthermore, some preliminary clinical studies (14,15,17) 
suggest that this cyclic variation in integrated backscatter 
may reflect structural changes in the myocardium in patients 
with dilated cardiomyopathy and myocardial infarction. This 
measure of variation in integrated backscatter relies only on 
the change in backscatter level within one patient, as op- 
posed to the absolute level of integrated backscatter, and is 
applicable in humans because it does not require calibration 
of ultrasound signals for standardization among subjects. 
The objectives of this study were 1) to test the feasibility 
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of ultrasonic tissue characterization in humans by the mea- 
surement of cyclic variation of integrated backscatter using a 
newly available commercial prototype instrument, and 2) to 
study possible regional differences or the effect of aging on 
this variable, or both, to provide baseline information for 
future studies. 
Methods 
Study subjects. Forty-five subjects without evidence of 
heart disease were studied. Twenty-five subjects were Stan- 
ford University personnel. The other 20 subjects were eval- 
uated at Stanford University Hospital as part of a larger 
control group and were found to have a normal physical 
examination, electrocardiogram (ECG), chest X-ray study 
and echocardiogram and no history of heart disease or 
hypertension. Five subjects were excluded because excel- 
lent conventional and integrated backscatter images were 
not obtained, and therefore the study group consisted of 40 
subjects. There were 20 men ranging in age from 22 to 71 
years (mean 41). Before integrated backscatter studies, 
all subjects were examined with the conventional two- 
dimensional and M-mode echocardiographic imaging system 
to exclude those with abnormalities in chamber size, wall 
thickness or wall motion. All subjects gave informed consent 
to the protocol approved by the Committee for the Protec- 
tion of Human Subjects at Stanford University Medical 
Center. 
Ultrasonic backscatter instrumentation and technique. In- 
tegrated backscatter was measured with a modified commer- 
cially available real time, two-dimensional imaging system 
(77020AC, Hewlett-Packard) equipped with a 64 channel 
phased array 3.5 MHz transducer. With this system, two- 
dimensional and M-mode images of integrated backscatter as 
well as conventional echo amplitude images are obtained. In 
the integrated backscatter imaging mode, the received ultra- 
sound signal is amplified, mixed to an appropriate interme- 
diate frequency, phased and delayed. Different from a con- 
ventional imaging system, the unprocessed radiofrequency 
signal is accessed with the integrated backscatter processor 
to produce a continuous signal that is proportional to the 
logarithm of integrated backscatter. In the calculation of the 
logarithm of integrated backscatter, the integration time is 
3.2 ~LS and the dynamic range of the integrated backscatter 
processor is >40 dB. Measurements of integrated backscat- 
ter in absolute terms cannot be obtained with this system 
because calibration of the absolute time-averaged integrated 
backscatter level is not available. However, if integrated 
backscatter is measured at two different instants (for exam- 
ple, at diastole and systole) in the same area, the logarithm of 
the ratio of backscattered energies at these two instants is 
available quantitatively (in dB) by calculating the difference 
between the values of integrated backscatter. Although the 
instantaneous value of integrated backscatter is related to 
gain settings, the magnitude of cyclic varintion of integrated 
backscatter (in dB) is essentially independent of transmit 
power over the range of transmit power employed in this 
study. 
The transmit power and time-gain compensation settings 
were adjusted so that the myocardium was filled with a 
medium to low level signal that showed the largest cyclic 
variation in the brightness visually (that is, maximal bright- 
ness in late diastole and minimal brightness in late systole). 
The gain controls were not adjusted equally throughout the 
sector field and, therefore, each depth had different gain 
emphasis. However, once they were adjusted initially for 
each study, they were kept constant throughout each study. 
No attempt was made to standardize instrument adjustment 
among the subjects because only the relative change in 
integrated backscatter in each patient was of interest, not the 
absolute level of this variable. 
Each subject rested in a left lateral decubitus position and 
breathed in a relaxed fashion during the ultrasound exami- 
nation. The transducer was placed at the parasternal border 
and positioned to provide echo amplitude imaging of the 
long- or short-axis view of the left ventricle. The switch to 
provide the integrated backscatter image was then toggled. 
The M-mode integrated backscatter image was obtained by 
positioning a cursor on the two-dimensional image to select 
the region to be measured in the interventricular septum and 
left ventricular posterior wall, and the M-mode integrated 
backscatter images were frozen for the system’s micropro- 
cessor analysis on screen (Fig. 1). The value of integrated 
backscatter (in dB) in an area of interest is obtained by 
placing a rectangular-shaped area of interest indicator of 
variable size anywhere on the frozen M-mode integrated 
backscatter image. The serial time-varying changes in the 
amplitude of integrated backscatter, on a relative scale, are 
obtained by tracing the area of interest from left to right 
(representing time) in the frozen M-mode integrated back- 
scatter image. This is displayed as a curve of integrated 
backscatter versus time (Fig. 1). 
Data analysis. Temporal changes in integrated backscat- 
ter were measured by tracing the area of interest along the 
myocardium between the specular high amplitude signals 
from endocardial layers for the septum and between those 
from endocardial and epicardial layers for the posterior wall 
in the frozen M-mode images. The size of the area of interest 
most consistently selected in this study was approximately 
2.8 mm x 80 ms. When the area of interest could not be 
traced free of the interference of bright specular echoes, a 
smaller area of interest was selected. From the line plot of 
time versus amplitude of integrated backscatter, the magni- 
tude of cyclic variation of integrated backscatter was deter- 
mined as the difference between minimal and maximal 
peaks. This integrated backscatter measure was obtained on 
screen using the software resident in the ultrasound scanner. 
The time interval from the onset of the QRS wave of the 
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Figure 1. Representative M-mode integrated backscatter images 
from a 22 year old subject after tracing the area of interest in the 
septum (left panel) and the posterior wall (PW) (right panel). The box 
above eath image plots integrated backscatter in decibels (dB) (y 
axis) versus time in the area of the myocardium designated by the 
bright line overlaid on the M-mode image. For each cycle, the 
maximal backscatter value occurs at end-diastole near the QRS 
complex on the electrocardiogram, and the minimal value occurs 
near end-systole. Measurements of quantitative variables of the 
magnitude of cyclic variation of integrated backscatter and the 
interval from the onset of the QRS complex to the minimal inte- 
grated backscatter value are shown in the right panel ( vertical arrow 
and horizontal arrow, respectively). 
ECG to the minimal value of integrated backscatter was also 
measured manually on the hard copy of the line graph of time 
versus amplitude of integrated backscatter. Averaged values 
over at least three beats were provided for quantitative 
analysis. 
Reproducibility. Inter- and intraobserver variabilities 
both of measurements of the magnitude of cyclic variation of 
integrated backscatter and of the interval from the onset of 
the QRS wave to the minimal value of integrated backscatter 
were studied. The magnitude of cycle-dependent variation of 
integrated backscatter was determined on screen and, there- 
fore, variability was assessed as follows. 
M-mode integrated backscatter images were obtained in 
10 subjects by two independent observers. Each observer 
analyzed his own integrated backscatter images and deter- 
mined the aforementioned integrated backscatter variables. 
These were compared for determination of interobserver 
variability. The magnitude of cycle-dependent variation of 
integrated backscatter was measured twice by one observer 
(that is, repeating the analysis process a second time in these 
10 subjects). These two measurements were compared for 
determination in intraobserver variability. The time interval 
from the onset of the QRS wave to the minimal value of 
integrated backscatter was measured manually on the hard 
copy of the line graph of time versus amplitude of integrated 
backscatter and, therefore, variability of this measure was 
assessed in these 10 patients by one observer repeating 
measurements on the same record (intraobserver variability) 
and by a second observer making an independent measure- 
ment on the same record (interobserver variability). 
Statistical analysis. Data are presented as mean values +- 
SD. Integrated backscatter measures and variabilities are 
compared between the septum and posterior wall with use of 
the paired t test. Relations between integrated backscatter 
measures and age were studied using a simple linear regres- 
sion analysis. Statistical significance was attributed to p 
values <O.Ol. 
Results 
Reproducibility (Table 1). Observer variations were esti- 
mated by calculating mean values and standard deviations of 
differences, as well as absolute differences between obser- 
vations. Mean values of absolute differences between obser- 
vations were slightly but not significantly smaller for the 
posterior wall than for the septum. 
Regional differences in integrated backscatter measures. 
Integrated backscatter measures were compared between 
the septum and the posterior wall. The magnitude of cyclic 
variation of integrated backscatter was greater in the poste- 
rior wall than in the septum in 34 of the 40 subjects, of equal 
value in these two areas in 3 subjects and greater in the 
septum in the remaining 3. The mean value of the magnitude 
of the variation of integrated backscatter for the posterior 
wall was significantly greater than that for the septum (6.3 + 
0.8 versus 4.9 ? 1.3 dB, p < 0.01) (Fig. 2). The interval from 
the onset of the QRS wave to the minimal integrated 
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Table 1. Inter- and lntraobserver Variability of Integrated 
Backscatter Measurements in 10 Nomal Subjects 
Observer Variability 
Mean Differences 
- 
inter Intra 
Absolute Differences 
Inter Intra 
Magnitude (dB) 
Septum 02 ? 1.4 0.1 t 1.0 1.1 + 0.8 0.8 ? 0.6 
LVPW -0 I i I.1 0. I + 0.6 0.8 + 0.6 0.5 i 0.4 
Interval (ms) 
Septum _ 1 + 17 __ 2+ 16 17 2 I3 I2 + IO 
LVPW 2 t 19 0 + I6 142 II I2 i IO 
Values are reported as mean values ? SD. Inter = interobserver: Interval 
= interval between the onset of the QRS complex on the electrocardiogram to 
the minimal value of integrated backscatter: lntra = intraobserver: LVPW = 
left ventricular posterior- wall: Magnitude = magnitude of cyclic variation of 
integrated backscatter. 
backscatter value was 328 ? 58 ms for the septum and 348 ? 
42 ms for the posterior wall (p = NS). 
Association of aging and integrated backscatter measures. 
There was a weak but statistically significant correlation 
between the magnitude of cyclic variation of integrated 
backscatter and age for the posterior wall (r = -0.47, p < 
O.Ol), but not for the septum (r = -0.21, p = NS) (Fig. 3). 
There was no significant correlation between age and the 
interval from the onset of the QRS wave to the minimal 
integrated backscatter value for either the posterior wall or 
the septum (r = 0.25, p = NS and r = 0.18, p = NS, 
respectively) (Fig. 4). 
Figure 2. Magnitude of cyclic variation of integrated backscatter 
(IB) (left panel) and the interval from the onset of the QRS complex 
on the electrocardiogram to the minimal integrated backscatter 
value (right panel) are shown for the interventricular septum (IVS) 
and the posterior wall (PW). The mean magnitude of cyclic variation 
(8) is significantly higher in the posterior wall than in the septum 
(p < 0.01). The mean interval from the onset of the QRS complex to 
the minimal integrated backscatter value (8) is not significantly 
longer in the posterior wall than in the septum. 
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Relation between aging and the magnitude of cyclic 
variation of integrated backscatter (IB) is shown for the interven- 
tricular septum (top panel) and the posterior wall (bottom panel). 
This relation did not show a significant correlation for the septum 
(r = -0.21, p = NS), but it was significant for the posterior wall 
(r = -0.47. p < 0.01. y = -0.028x t 7.4). 
Discussion 
Cyclic variation of integrated backscatter in the human 
heart. In this study, integrated backscatter was measured 
with a new M-mode format, integrated backscatter imaging 
system in 40 adults without evidence of cardiovascular 
disease. In all subjects, cyclic variation of integrated back- 
scatter (that is, maximal peak in late diastole and minimal 
peak in late systole) was observed in both the septum and the 
posterior wall. These findings are comparable with previous 
experimental data (10,12,13,16). In humans, two studies 
(11,25) have indicated the presence of cyclic variation of 
conventional ultrasound signal amplitude by measuring gray 
level values in the left ventricular posterior wall two- 
dimensional echocardiographic images at end-systole and 
end-diastole. The magnitude of backscatter also was quan- 
tified from the processed radiofrequency signal by Anger- 
mann et al. (1 I). In our study, the unprocessed radiofre- 
quency ultrasound signal was quantified as in the study of 
Vered et al. (14). in which a two-dimensional real time 
integrated backscatter imaging system was used. Although 
the same methods were used in the two studies, the values 
for the magnitude of cyclic variation of integrated backscat- 
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Posterior Wall 
Figure 4. The relation between aging and the interval from the onset 
of the QRS complex on the electrocardiogram to the minimal 
integrated backscatter (IB) value is shown for the interventricular 
septum (top panel) and the posterior wall (bottom panel). There was 
not a significant correlation for either the posterior wall (r = 0.25, 
p = NS) or the septum (r = 0.18, p = NS). 
ter were larger in the present study. This difference may be 
explained by variations in the measurement analysis method 
used in the two studies. In our study, the magnitude of 
variation was determined as the peak to nadir, rather than as 
the difference of the mean values at arbitrarily defined late 
diastole and late systole as done in the former study (14). 
Regional difference in the cyclic variation of integrated 
backscatter. The magnitude of cyclic variation of integrated 
backscatter was greater in the posterior wall than in the 
septum. Experimental studies in dogs (12,26) have shown 
that the magnitude of cyclic variation of integrated backscat- 
ter parallels the regional differences in contractile perfor- 
mance throughout the left ventricle. A recent preliminary 
clinical study (27) suggested that cyclic variation of inte- 
grated backscatter follows the changes in myocardial con- 
tractility. Because contraction patterns have been demon- 
strated to be greater in the posterior than in the anterior wall 
or in the septum in normal subjects (28-30), the difference in 
the magnitude of cyclic variation of integrated backscatter 
between these portions is consistent with this finding and 
may be partially explained by it. The percent systolic wall 
thickening measured with M-mode echocardiography in this 
study was 67 1+ 19% for the posterior wall and 52 ? 19% 
(p < 0.01) for the septum. However, data from this and other 
laboratories (10,31) suggest that the cyclic variation of 
integrated backscatter is not solely related to myocardial 
thickening, and the regionality of the variation of integrated 
backscatter may be due to other factors such as regional 
variations in fiber architecture, structure or geometry of 
muscle fibers and other properties of the myocardium. 
Regional diferences of integrated backscatter were stud- 
ied only between the septum and the posterior wall in part 
because only these two portions of the left ventricle are 
easily quantifiable with M-mode integrated backscatter im- 
aging. However, a recent preliminary report (32) suggested 
that cyclic variation of integrated backscatter is much 
smaller in the lateral wall. This finding may be partially 
explained by the dependence of the intensity of sound 
reflection or backscatter on the angle between the muscle 
fiber orientation and the ultrasound beam (33). Thus, we 
thought it incomplete to refer to the regional differences in 
the acoustic properties of the medial and lateral areas of the 
myocardium and to ignore the effects of fiber orientation. 
Furthermore, two studies (12,26) have shown that the mag- 
nitude of the cyclic variation of integrated backscatter in- 
creases from the base to the apex throughout the left 
ventricular wall in dogs, possibly reflecting the gradient in 
the contractile performance (30). We studied only one level 
of the left ventricle in all subjects, mainly because the 
measurements are not obtainable in most subjects by M- 
mode imaging at the mid-wall and apex. 
Cyclic variation of integrated backscatter and aging. 
There was a weak inverse correlation between the magni- 
tude of cyclic variation of integrated backscatter and age for 
the posterior wall in normal subjects. Although accumula- 
tion of lipofuscin in the myocyte and an age-related increase 
in the number of small foci of fibrosis in the myocardium 
have been postulated, these changes are not uniformly found 
in all studies (3636). Thus, the age dependency of the 
magnitude of cyclic variation of integrated backscatter may 
not reflect changes in cardiac histology. The contractile 
performance of the heart is another possible determinant of 
the magnitude of cyclic variation of integrated backscatter 
(37,38). Contractile performance has been considered to be 
little affected by aging, in contrast to relaxation properties 
and diastolic stiffness of the ventricle (39). In a recent study, 
Merino et al. (40) showed a decrease in left ventricular 
systolic function in older subjects by analysis of left ventric- 
ular force-length relations. Changes in structure or geometry 
of individual muscle fibers or other changes in properties of 
the myocardium, or both, with aging may account for the age 
relation of the magnitude of the cyclic variation of integrated 
backscatter. However, in the present study, we could not 
determine which factors contribute to this relation. 
A significant correlation was not found between age and 
the magnitude of cyclic variation of integrated backscatter 
for the septum. In several young subjects, values for cyclic 
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variation were extremely small for the septum, possibly 
because of technical problems of ultrasound imaging and 
measurement of the thin septum in these subjects. These 
factors may partially account for the lack of the correlation 
in the septum. If the six subjects with a magnitude of cyclic 
variation of integrated backscatter of a3 dB were arbitrarily 
excluded, a weak but statistically significant correlation 
between age and the magnitude of cyclic variation of inte- 
grated backscatter is also present for the septum (r = -0.50. 
p < 0.01, n = 34). 
Delay of cyclic variation of integrated backscatter. A delay 
of cyclic variation of integrated backscatter-or phase 
shift-with abnormal states has not been studied as exten- 
sively as the magnitude of the cyclic variation. There are 
four reports (10,15,16,37) that refer to this variable. An 
experimental study (IO) and recent clinical studies (15.16) 
suggest that the phase-or the delay after the QRS com- 
plex-of cyclic variation of integrated backscatter also re- 
flects changes in myocardial acoustic properties indicative of 
ischemia and subsequent reperfusion. The current study 
suggests that there is little effect of aging or regionality on 
this variable in normal subjects. Neither physiologic or 
pathologic determinants of the phase of cyclic variation of 
integrated backscatter have yet been defined. 
Technical limitations. In this study, all quantitative anal- 
ysis was based on the integrated backscatter values deter- 
mined by manually tracing the area of interest over the 
integrated backscatter M-mode image. The variation of 
measurements of the magnitude of the cyclic variation of 
integrated backscatter was slightly larger for the septum than 
for the posterior wall. This may be related to the occurrence 
of thick bright specular echoes of septal endocardium or 
similar echoes from within the septal myocardium, or both. 
Such signals from septal endocardium prevented us from 
tracing the mid-portion of the septum with a relatively large 
area of interest, especially in subjects with a relatively thin 
septum. A small area of interest produces a poor signal to 
noise ratio. The specular bright septal echoes might also 
have significantly influenced the value of integrated back- 
scatter by coming into the ultrasound beam only in systole or 
in diastole as a result of the cycle-dependent cardiac motion 
relative to the ultrasound beam. Careful attempts were made 
to minimize specular reflections during data acquisition and 
analysis, but such contamination of the measurement could 
not be avoided in all subjects. The intra- and interobserver 
variabilities determined in this study were small, both for the 
septum and for the posterior wall, suggesting that the mea- 
surement method did not produce variations of the magni- 
tude of the biologic variability. 
Conclusions. This study has shown that ultrasonic tissue 
characterization by measurements of cyclic variation in 
integrated backscatter from myocardium is feasible in hu- 
mans. The acoustic properties of the myocardium in hu- 
mans, assessed by these measurements of integrated back- 
scatter, seem to vary regionally and to be somewhat affected 
by aging. These results should be taken into consideration in 
future applications of the current technique in normal sub- 
jects as well as those with a diseased heart. 
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